PAT-4/ILK Colocalizes with Integrin
Transgenic minigenes encoding translational fusions between PAT-4/ILK and either green or yellow fluorescent protein (GFP, YFP) fully rescue pat-4(st551) mutants, providing strong evidence that the fusion proteins Figure 3D ), the spermatheca, the vulva muscles, a subset of the mechanoarrows in Figures 4C and 4D ). There is, however, some irregularity in the integrin pattern in the pat-4 mutant sensory neurons (ALM, AVM, PLM, and PVM), the distal tip cells, the uterine muscles, and the anal depressor embryos. Some of the integrin foci are not located within the tight stripe of nascent attachments that normally and anal sphincter muscles (data not shown). In adult body-wall muscle cells, PAT-4/ILK::YFP colocalizes with forms near the centerline of each quadrant. Instead, they are in positions that are spread out laterally across the a functional ␤PAT-3::CFP integrin subunit in M-lines and dense bodies (Figures 3D-3F ) and at muscle-muscle entire width of each muscle cell (arrowheads, Figure  4C ). Integrin organization never improves in the pat-4 adherent junctions (data not shown). PAT-4/ILK::GFP is located near the cell membrane and does not extend embryos and, in fact, deteriorates in older animals (data not shown). In contrast, in wild-type embryos, the integvery deeply into body-wall muscle cells. An identical localization has been reported previously for UNC-97/ rin foci soon organize further, forming a highly ordered striated array of morphologically distinguishable dense PINCH [10] and UNC-112 [11] . The fact that PAT-4/ILK is only observed at sites reported to contain the ␤PAT- Figures 4D and 4F) . We also investigated the M-line protein UNC-89, which, in wild-type embryos, becomes polarized and recruited into an array of nascent M-lines [4] . In pat-4 mutants, UNC-89 fails to polarize and remains in a large clump within the cytoplasm of each muscle cell (compare arrows in Figures 4G and 4H ), indicating that UNC-89 also fails to be recruited to the nascent M-lines formed in the absence of PAT-4/ILK. Because our previous work has shown that UNC-112 and integrin colocalize at muscle attachment structures [11] , we were interested in determining if this colocalization requires PAT-4/ILK. Our efforts to generate antisera directed against UNC-112 were unsuccessful. Therefore, to determine the localization of UNC-112 in pat-4(st551) mutant embryos, we first crossed an unc-112::gfp transgene [11] into pat-4 mutants and then stained the mutant embryos with ␤PAT-3 integrin antisera. In pat-4 mutants, we observe that UNC-112 does not appear to extensively colocalize with integrin in the sarcolemmas (compare Figures 5A and 5B) . Instead, UNC-112 mainly appears to be distributed diffusely throughout the cytoplasm (arrowheads, Figure 4B ), suggesting that PAT-4/ILK is required for UNC-112 to properly assemble into nascent attachments. Identically staged wild-type embryos expressing the same unc- (Fig-7C) . PINCH binds to the amino ankyrin repeats of ILK ure 6D, arrow). PAT-4/ILK has a similar mislocalization [21] , and we observe that UNC-97/PINCH and PAT-4/ILK in unc-112 mutants ( Figure 6E, arrow) . It has also been interact in an analogous manner ( Figure 7D ). In addition, shown that, in deb-1 vinculin protein null mutants, integusing UNC-97/PINCH as the bait protein in a yeast tworin forms recognizable arrays of dense bodies and hybrid screen of a C. elegans library, we identified posi-M-lines, but the recruitment of actin filaments to the tive clones containing PAT-4/ILK. One surprise from the sarcolemma fails to occur, indicating that dense body Drosophila study of ILK was that no detectable interacassembly is incomplete [4, 16] . We find that PAT-4/ILK tion was found between dILK and the COOH tail of ␤PS is able to polarize and localize into nascent attachments integrin [23]. We also fail to detect an interaction bein deb-1 vinculin mutants (arrow, Figure 6F ), indicating tween PAT-4/ILK and the ␤PAT-3 integrin cytoplasmic that vinculin is not required to recruit PAT-4/ILK to dense domain in a yeast two-hybrid assay ( Figure 7D ). bodies.
pat-4 mutants (compare arrows in
Previous work has shown that a point mutation in human ILK corresponding to E359K confers dominant-PAT-4/ILK Binds UNC-112 in Yeast negative activity to ILK, presumably by disrupting ILK Two-Hydrid Assays catalytic activity [22] . However, when the equivalent muWork published by others has already demonstrated that ILK can behave as an adaptor protein as well as a tation was introduced into Drosophila ILK, it did not collection (yk175b10, yk269g8, yk334c3, yk374e3, A cDNA fragment of the pat-3 cytoplasmic region was PCR amplified using primers Bam-pat-3cyto and pat-3cyto-Xho. This fragment yk415h4, yk455c5, and yk473d6) were also analyzed, and no alternatively spliced isoforms were detected. The pat-4 nucleotide and was cloned into pBluescript KSϩ to make pDM#226. The BamHIXhoI fragment of pDM#226 was cloned into pGBDU-C1 to make protein sequence have been previously submitted to GenBank/ EMBL/DDBJ under the accession number T33574 [40] . PAT-4 homopDM#227. A cDNA fragment of unc-97 was PCR amplified using primers pU97-1 and pU97-2. This fragment was digested with BamHI logs were identified using the BLAST algorithm to search the NCBI database, and sequence alignments were performed using the and Xho and was subsequently cloned into the BamHI and SalI sites of pGBDU-C1 to make pDM#429. CLUSTAL V alignment method. Transformation rescue of pat-4(st551) was done by injecting cosmid DE10 (canonical for C29F9)
A were then washed with buffer containing 100 mM NaCl and 0.1% pAT4.3 was constructed by cloning a PCR product, generated using Triton X-100, and the bound proteins were extracted by the addition primers BW99 and BW100 and corresponding to full-length pat-4
of SDS-PAGE sample buffer. The extracts were subjected to SDScDNA, into the vector pPD118.20 digested with EcoRI. The 2.13-kb PAGE, followed by silver staining. MluI-KpnI fragment of the resulting plasmid was then replaced with a PCR product generated using BW-116 and BW-118 and digested A cDNA fragment of unc-112 was PCR amplified using primers Two-Hybrid Screening Bam-unc-112 and unc-112-NsiXho. This fragment was cloned into Two-hybrid screening with the UNC-112 bait was performed using pBluescript KSϩ to make pDM#224. The NsiI-XhoI region of the yeast strain PJ69-4A harboring pDM#235 as described [44] . pDM#224 was exchanged for the NsiI-XhoI region of pDM#205, a Yeast cells were transformed by the lithium acetate method [45] . cDNA clone of unc-112, see [11] , to make pDM#225. A BamHIAfter transformation with the RB2 cDNA library (a gift from Dr. R. XhoI fragment of pDM#225 was cloned into the BamHI-SalI sites of Barstead), Hisϩ colonies were selected. HIS3 expression was aspGBDU-C1 or pGAD-C1, resulting in pDM#235 or pDM#236, respecsayed using 2 mM 3-amino triazole. Two-hybrid interaction was tively (amino acids [aa] 1-720). pDM#238 was made by inserting the confirmed by ADE2 expression. Isolated library plasmids were conBamHI-BglII fragment of pDM#225 into pGAD-C1. To make firmed. PCR-amplified cDNA fragments of library plasmids were pDM#230 (aa 397-720), a BglII-XhoI fragment of pDM#205 was insubjected to DNA sequencing. From 5 ϫ 10 6 colonies, pat-4 cDNA serted into pGAD-C3. pDM#232 (aa 565-720) and pDM#234 (aa clones pDM#280, pDM#312, and pDM#313 were identified. To con-32-720) were made by cloning a SnaBI (blunt ended with Klenow firm two-hybrid interactions, three independent colonies were sefragment) and XhoI, or a StyI (blunt ended with Klenow fragment) lected and assayed for colony formation. and XhoI fragment, of pDM#205 into the SmaI and XhoI sites of pGAD-C1. pDM#264 (aa 32-396) was made by removing the BglIISupplementary Material XhoI region from pDM#234.
Antibody Staining
Supplementary Material including Table S1 , which lists primer Among the pat-4 deletion plasmids, pDM#280, pDM#312, and sequences, is available at http://images.cellpress.com/supmat/ pDM#313 were originally isolated by two-hybrid screening with the supmatin.htm. UNC-112 bait. To make the full-length PAT-4 plasmid pDM#292 (aa 1-474), the XhoI fragment of pDM#280 was inserted into the SalI Acknowledgments site of pGBDU-C2. pDM#301 (aa 213-349), pDM#327 (aa 4-212), and pDM#328 were made by inserting SalI-SalI or SalI-BglII fragments of
We are grateful to Dr. Andy Fire and his lab for plasmid vectors, Dr. pDM#292 into SalI sites of pGBDU-C1, pGBDU-C3, or pGAD-C3.
Alan Coulson for cosmids, Dr. Yuji Kohara for cDNA clones, Dr. pDM#303 (aa 350-474) and pDM#304 were made by inserting a SalIRobert Barstead for the RB2 cDNA library, Dr. Kozo Kaibuchi for BglII fragment of pDM#292 into SalI-BglII sites of pGBDU-C1 and plasmids, Dr. Shinya Kuroda for advice on in vitro binding assays, pGAD-C1. To make pDM#325 (aa 213-474) and pDM#326, a SalIand Dr. John Speith and the C. elegans Genome Sequencing ConSalI fragment of pDM#302 was cloned into a SalI site of pDM#303 sortium for pat-4 DNA sequence data. We wish to thank the lab of or pDM#304. pDM#323 (aa 1-349) was made by exchanging an Akira Chiba for allowing us the use of equipment and reagents. We EcoRI-SacII region of pDM#301 for that of pDM#292. The EcoRIappreciate the technical assistance provided by Chris Zugates and SmaI fragment of pAT4.16.2 was cloned into the EcoRI and SmaI Patrick King. Some of the nematode strains used in this work were sites of pDM#303 to make pDM#381 (E359K). pDM#321 (aa provided by the Caenorhabditis Genetics Center, which is funded and pDM#322 (aa 104-474) were made by cloning an XhoI fragment of pDM#312 and pDM#313 into the SalI site of pGBDU-C2.
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